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1. INTRODUCTION 

Considering as the potentials to implement infrastructure in the fifth generation (5G) cellular system, 
higher spectral efficiency benefits from the non-orthogonal multiple access (NOMA) technique to serve massive 
connections [1], [2]. To overcome disadvantages of the traditional orthogonal multiple access (MA) technique, 
the power domain is employed to require NOMA to provide MA in cellular networks [3]. To perform functions 
of NOMA, the signals of multiple users are multiplexed in the power domain at the base station (BS), i.e. 
superposition coding (SupC) is designed at transmitters. At the receivers, to restrain the inter-user interference, 
it is required to employ successive interference cancellation (SIC). In addition to power-reuse, NOMA provides 
extra advantage in term of user fairness as distinctive feature of this scheme [4]. In this MA scheme, users with 
worse channel conditions need allocate more power, while users with higher channel gains only require less 
power. By implementing NOMA communication system, it can be achieved improved trade-off between user 
fairness and system performance. For example, higher throughput and faster traffic are two advantages of 
NOMA compared with the conventional orthogonal MA protocols. 

Together with NOMA, this technique has more benefits as combining with cooperative transmission 
scenarios and further improvement of the reliability in NOMA is obtained [5]-[8]. In cooperative manner, users 
and relays can cooperate to combat channel fading and improve the performances, namely new scheme as coop- 
erative NOMA (C-NOMA) networks. At the receivers, the maximal-ratio combining (MRC) needs to combine 
the two independent signals received at two links including the direct and relaying. As a result, C-NOMA 
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provides ability of the diversity techniques. Thus, C-NOMA exhibits better qualities of services (Qos) criteria 
and the system can be improved significantly. Recently, C-NOMA has been intensively studied. Generally, 
various aspects of C-NOMA were introduced. The reliability in transmission and improved performance can 
be achieved as in recent works [9]-[15]. In recent works [13], [15], the authors indicated advantages of NOMA 
can be achieved in device to device networks. Regarding energy harvesting [16-19], results exhibits wireless 
power transfer as solution to prolong lifetime of network and applications of NOMA. The closed forms of the 
metrics, such as the in terms of outage probability, throughput. In most of works, the target rates are main factor 
affecting to outage behavior and they derived expressions to evaluate the performance of the NOMA scheme. 

Nowadays, power domain based NOMA is widely studied in works, such as [20], [21], [22]. They 
introduced system adopting orthogonal frequency division multiplexing in the sub-channel transmission of PD- 
NOMA [23]. The multi-user detection uses SIC technology at the receiver to delete interference among users 
and such Non-orthogonal transmission still remains its performance. The authors in [24]examined performance 
of a hybrid NOMA-based wireless system. In this system, to transmit on the uplink, users harvest wireless 
power from the received downlink signals. To improve the spectral efficiency by exploiting the spatial domainJ. 
W. Kim et al. proposed an integration of NOMA and generalized space shift keying [26]. 

Motivated by recent works [16], [17], [18], this paper considers a new the fixed power allocation 
scheme and relay harvests power and acts as relay with respect to implement cooperative EH-NOMA protocol. 
Such relay is designed to introduce performance gaps to representative how well the weak user and strong user 
operate in various scenarios. 


2. SYSTEM MODEL AND SINR COMPUTATIONS 
2.1. System model 

By exploring wireless power transfer, relay in Figure 1 is able to harvesting power from a base station 
(BS). In this scenario, two destinations (U1, U2) with a power splitting-based EH relay [18]-[21] is studied. We 
denote channel gains ha» for link from node a to node b and it falls into exponential distribution with means 
Aab. The channels are quasistatic, i.e. the channels remains constant over one transmission time while different 
values for these channels over different transmission times. Relay has two kinds, Amplify-and-Forward (AF) 
or Decode-and-Forward (DF) relaying and it suitable for relevant applications. T is denoted as the whole 
transmission time. T is divided into two transmission phases. Regarding EH function, it uses only the harvested 
power during the first transmission phase to transmit during the second transmission phase. Regarding the 
transmit power of the BS, Ps is transmit power. To serve two users, xı and x2 are the messages intending to 
send to the weak user U; and the strong user U2. We denote a, and ag as the power allocation coefficients in 
NOMA scheme. It is strict required: a; > ag with aj + a2 = 1. 


—— Transmission Information 


—:—--> Energy Harvesting 





Figure 1. Wireless power transfer in NOMA. 


The relay is able to harvest wireless energy to serve transmission in the next phase, it need be computed 
the received signal at the relay R as 


yr = y (1 — B)hsru(x) + npr (1) 


where u(x) = (Jai Psa1 + Va2Psx2) is mixture signal, npg is known as the additive white Gaussian noise 
(AWGN) with variance No. More importantly, by controlling transmit power Pg at the BS with arbitrary coeffi- 
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cient denoted by 8 (0 < 6 < 1), amount of harvested power varies significantly and hence system performance 
needs be guaranteed. 
Although litter amount of harvested energy, the relay benefits from such energy, and it is formulated 
by [27] 
Pn = BPs|hsrl. (2) 
We denote |As a as variable X, In the next section, the first metric needs be considered, i.e. the signal-to- 


interference-plus-noise ratio (SINR) and signal-to-noise ratio (SNR) are then used in further metrics. 


2.2. SINR computations 
Together with performing successive interference cancellation (SIC) in NOMA, SINR, SNR can be 
determined to detect signal x1, x2 respectively at R and they can be given as 


(1 — b) a,PsXq 








taie (1 — B) a2PsXa + No (3) 
= (1 m b) aipXa 
~ (1—8)azpXa +1’ 
and 
YsRr2 = (1 — p) a2pXa, (4) 


Considering the main impact on outage performance p = a is denoted as transmit SNR and it is computed at 
the BS. 
In order to detect x; at user U1, the corresponding SINR is expressed by 


Boa, XpXa 


Boa XX, +1 ©) 


YRU, = 


where |hsu, |? is denoted as variable X». Similarly, the SINR to detect x2 at user U2 is computed by 


Bpay|hru, | Xa 
= G 6 
YRU2,1 BpagXq [ARU] +1 ( ) 


SNR to to detect x2 is only determined after SIC implementation at U2, and it is formulated as 





YRU, = bpaz|hru,l hsr. (7) 


2.3. Decode-and-forward relaying 
DF relaying mode is also known as popular strategy to extend coverage of wireless network under the 
context of EH-NOMA using the end-to-end SNR from the BS to user U; can be expressed as 


vw, = min (ysr1, YRU: ) 
i ( (1—B)aipXa  BpaXoXa ) (8) 
7 (1 — 8)a2pXa + 1° Bpa2XaXob +1 


It is worth noting that such min function is maximized when all of its argument becomes equal. As a 
result, the following optimal value of 8 is found to achieve maximal instantaneous rate as 


x 1 
Boru, = Xil (9) 





For DF case, the SNR from the BS to U2 can be computed as 


YE = min (YSR2, YRU2) 


= min ((1 — 6) a20Xa, 8paalhevs|?Xe) e 
Similarly, the optimal value of 8 can be obtained to achieve optimal instantaneous rate as 
ks 1 
Boru, = Thaw, 41 (11) 
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2.4. Amplify-and-forward relaying 
For AF- based EH-NOMA, the received SNR at the U; can be formulated by [Eq.4,[22]] 



































AF ,, YSRAYVRUi 
JUE a TEE PO 
YsRi + YRU, (12) 
~ (1 — b) par Xo Xa 
~ 2(1— b) bpa2XaXo + (1 — 8) + 8Xo 
Similarly, the SINR can be obtained at U2 as 
AF ~ (1 — B) Bpag|hev,|?Xa (13) 
uw, S 
* (1-6) + Blhav.)? 
The following optimal value of 8 in AF scenario is expressed by 
1 
APU, = Qo 14 
Baru; ea (14) 
3. ERGODIC CAPACITY 
3.1. Decode-and-Forward relaying 
3.1.1. The ergodic capacity at U1 
The analytical expression can be obtained for ergodic capacity [2] 
1 
CBP = B | How (1+ 28) 
1 ral — fypr i, (15) 
~ 2nd / ie 
0 
where E [°] denotes the expectation over random variable. Then, we can write Fr (x) as 
T 
Fypr (x) = Pr (YBF <2) 
w (Iml? +1) (16) 
=1—Pr| X, > 5 
p (a1 — raz) |hy| 
It then can be written as 
a(z+1) 
co p(ay—xag)z 
Fpe(e)=f fine @) ffx W)dvde 
0 0 
1 1 P À sero 2 d 
ae, es pla; —2ag)2\GR ^1 
X e 1 2 SR x (17) 
0 
= th Vth 
= ] — 2e (i-#422)pr\S5R 
Va — zaz) p\sRA1 
Vth 
x Kıļ2 
: ( Va — -m 
As a result, ergodic capacity in optimal scenario and DF mode for Uj is given by 
1 aı/a2 2 ARU? 
(aj —=za2)p 
CPF = € 
M1 In2 J 1+ 
0 (18) 


rARU, ASR K, (2 rASRARU, rs 
( p 


(a, — za2) p aı — xaz) 
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3.1.2. The ergodic capacity at U2 
Similarly, ergodic capacity is expressed for Uz in DF mode as 


1 
CE, =E { 5 loge (1+ ca 


Asr(Xo+1) 
Asr(Xptl 
ES re E ( sa 


(19) 


=E et 





21n2 


where E; (.) is the exponential integral. Because, it is difficult to solve (19) in closed-form, so we can use the 
following approximation for the exponential integral [24] 























N41 I41 
Ey (x) ~ 4V2nayar X X Vbne Pn (20) 
n=1 i=1 
el aes — cot(On—1)—cot (On) — cot(#:~1)—cot(d;) = — mn 
where AN = 3N U = Jp bn = NH a bi = e o = 0, On = IN+42° 
0i = a 
Hence, CRF can be rewritten as 
N+1I+1 
2/2 
DF _ / 
Cu; = Ing ONM 2 >, bn 
o0 (21) 
(X,+1) 
x [dre ne x dX, 
0 
where £ = a biAsn ae Based on [23, 3.324.1], the capacity of Uz can be expressed as 
2/2 N+4+1I41 
DF _ ~ `~ a 
Ups in (2) "ONO! DL, DV Ani bae ESEK: (2 EARU, ) (22) 
3.2. Amplify-and-forward relaying 
3.2.1. The ergodic capacity at U 
We have formula for examining ergodic capacity at U; in AF mode as 
AF 1 AF 
Cu; = E 51082 (1 + Yu; ) 
1 7l-Far (z) (23) 
= ‘| a dz. 
2ln2 l+z 
0 
It is worth noting that Far (a) is written as 
1 
Pyar (a) = Pr 467 < x) 
Xalheu,|” 
= Pr | P22 PRU [Rro l <x 
(1+ |krul) (24) 
1+ |hrv,|)? 
sacl ee 2(1 + [hro 
pa2|hru,| 
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_ 2ASRIVth2 





Using the CDF of X, and the approximation e  °%2v7 =1— ai we can write 
Co 
_ Agre(ttvz)? = P 
Pyar (x) =1—Arv, |e paz eA RUD* dz 
0 
co 
2 XSRE- | ASR. 5 
ole | ARU,e P92 e Pazz ARU2* dz (25) 
0 








paz 


To continue compute it, F ar (x) is rewritten as 
i 





_Asre |ÀSRÀ ÀSRÀ 
Fyar (a) ~ 1- 2e paz jp ona ie (2 vlan) 
1 











pag paz 
2 1/4 ve) 
si aoe 4tAsrrXRu, ( TASR ) Rays 2 trASRARUD 
paz pazARU, paz 
After performing some manipulations, it can be obtained below result 
a; /2a2 
(Ars S Ol - ath, | ZASRÀRU, 
i In2 1l+az p (ay — 2xa2) 
0 
2 
x Ky (2,/-AsrAr |) _ sai 2AseAnu, (27) 
p (a1 — 2xa2) p (ai — 244102) 
A u ASRÀ 
y ( TASR ) Kyo (2 TASRARU, da 
P (ay = 2xa2) ARU; P (ai = 2xaz) 
3.2.2. The ergodic capacity at U2 
Similarly, it can be illustrated ergodic capacity for U2 as 
ae hireh Xa 
CF =E 5 | 8 1 4 Pelhrol Xo RU;| 5 
a) (\hru,| + 1) 
x Agre aX) 

(28) 





= w/t Asr(\hru,| + D? 
ln 2 : a2p Xp 


7 2 
xe a2PXp ÀASRE AsRXa dlhgpl 





Finally, in AF mode, we can computed ergodic capacity for U2 as 





2/2 N+1I+4+1 
AF _ = 
Cu; > In (2) TAN QT > > V bne 3 


(29) 
| Aru, 
x aoa n (2 e(e + Anu.) 
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4. SIMULATION RESULT 

The simulation model is based on Figure 1, and we assume fixed power allocation factors assigned for 
two NOMA users, a; = 0.9, ag = 0.1. In the simulations, we set Asr = Aru, = 1, ARU, = 2. 

In Figure 2, we investigate the impact of AF and DF relaying mode on ergodic capacity performance 
of EH-NOMA system. It can be seen that ergodic of user U1, U2 at mode DF is better than that of AF mode. 
However, user U2 provides higher ergodic capacity compared with that of user U1. The main reason is that 
different power allocation factors are used for two users. The second reason is related to decoding procedure at 
each user is differ. 

Figure 3 depicts how strong channel of link from the BS to relay make influence to ergodic capacity. It 
can be intuitively seen that strong channel gain results in weaker channel of link from relay to destinations and 
such situation exhibits worse performance. Figure 4 indicates opposite trends for two users regarding power 
allocation factors. Therefore, controlling power factor a; guarantees fairness among two users in EH-NOMA 
system. 
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Figure 2. Ergodic capacity performance of two users versus SNR with Rə = 0.5. 
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Figure 3. Ergodic capacity performance of two users Figure 4. Ergodic capacity performance of two users 
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5. CONCLUSION 


This paper considers ergodic capacity of wireless powered network. It can be concluded that power 
allocation coefficients for each user in EH-NOMA leads to varying ergodic city performance. The detail perfor- 
mance analysis has been performed in term of ergodic capacity and it is provided via the closed-form expres- 
sions related to this metric. It is shown that performance gap exists among two NOMA users due to different 
mode of AF/DF, and different power allocation factors. Simulation results are performed to verify our analytical 
results and it is helpful guidelines to design EH-NOMA in practice. 
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